Differences also exist in how each anxiolytic reduces HPC theta frequency. In the 9 8 locomotion paradigm, anxiolytics appear to reduce HPC theta frequency solely by 9 9
decreasing the y-intercept of the speed-frequency relationship without affecting the elicited HPC theta frequency, given that the two methods appear to differ in the 1 0 6
underlying mechanisms of their generation (Kramis et al., 1975 , Bland, 1986 .
The effects of low doses of ethanol have not been studied on hippocampal theta which its cognitive and behavioural effects must depend. Here, we tested in freely 1 1 0 behaving rats the impact of low (0.25 and 0.5 g/kg) ethanol on: 1) hippocampal 1 1 1 versus cortical theta oscillations; and 2) hippocampal theta frequency elicited by 1 1 2 RPO stimulation intensity versus by speed of locomotion. Breeding Station. The rats were group-housed prior to surgery and testing. Up to 14 1 1 7 days were given for acclimatization and handling. Water and food were available ad 1 1 8 libitum and the rats were kept on a 12/12 hour light/dark cycle (lights on at 6 am) at 1 1 9 21+/-2° C. Post-surgery, rats were housed singly under the same conditions. Ethical Australia) applied to the eyes. Electrodes/arrays were inserted into the brain 1 3 3
(coordinates and surgical procedures are given below) and dental cement was used 1 3 4
to hold and anchor the electrodes and arrays into place. Sutures were applied to the 1 3 5
wound after the dental cement application. If ketamine/medetomidine was used for 1 3 6 anaesthesia, 0.5 mg/kg of atipamezole was given as an antidote to medetomidine to 1 3 7 facilitate recovery. All animals were given at least twelve days of recovery before At the end of the experiment, the animals were euthanised with halothane, and 1 4 0 transcardially perfused with 0.9% saline solution followed by 10% formalin in 0.9% Open field cortico-hippocampal recordings Rats (n = 19) received bipolar HPC and midline neocortical array electrode implants. animals into a group of 9 and a group of 10. Ten percent ethanol in a 0.9% saline 1 5 4 solution was given in ascending order at doses of 0.0 g/kg (saline), 0.25 g/kg and 0.5 1 5 5 g/kg i.p. to one group and in descending order to the other group. Inter-session 1 5 6
interval was >48 hours to allow wash-out. Out of 19 rats, one did not have a correct 1 5 7 HPC placement, one had noisy recordings not suited for further analysis, and one 1 5 8 had a missing video. Data from these three rats were excluded and sixteen rats 1 5 9
contributed to the analysed data reported here. Behavioural testing apparatus and procedures for array-implanted rats have been 1 6 5 described previously (Young and McNaughton, 2009 ). Briefly, rats were connected 1 6 6 to the recording system and placed in a 73 x 63 x 51 cm box with black interior walls. Each rat received four 6-minute exposures/trials in a single session. trajectories generated by iTracker (Perez-Escudero et al., 2014) . The trajectories 1 7 0 were processed further by linear interpolation, followed by a five-point median filter. Multi-taper spectral analyses were carried out using the Chronux product of five. All power, frequency, and coherence measures were derived from 5- Rats (n = 6) received bipolar recording electrodes implanted in the dorsal subiculum 1 9 2 (AP: -6.0, ML: 2.0, DV: -3.5 mm; 0.5 mm tip separation) and bipolar stimulating 1 9 3 electrodes targeting the output fibres of the RPO (AP: -7.0, ML: 1.6, DV: -8.0 mm; 1 9 4 0.5 mm tip separation). The recording electrodes were connected to a field-effect 1 9 5 transistor (FET) impedance transformer that was connected to an amplifier (Grass Instruments, USA). The stimulating electrodes were operated by a Grass SD9 algorithm for wave counting. The first three (theta) cycles were used to determine 2 0 8 frequency based on peak-to-peak intervals. To observe the relationship between theta frequency and stimulation intensity,
four or five equally-spaced intensity steps were used for each animal (ranging from 2 1 1 0.5-1.5 V). The number of steps and the level of increment were dependent on the 2 1 2 range of stimulation intensity of each rat, but none exceeded 10 V or produced any stimulation range was established, the rats were tested within this range in both 2 1 5 ascending and descending orders to ascertain a baseline. This baseline was used to in theta frequency that were dependent on stimulation intensity; 4) had a stimulation 2 2 0 range that was too small (<2 V); or 5) yielded >7.5 Hz theta LFP at the lowest 2 2 1 stimulation intensity were not tested further. Two out of six rats were excluded in this 2 2 2 fashion. Full dose range data were obtained and analysed from four rats. Four additional rats tested against 0.0, 0.25 and 0.5 g/kg were used for analyses involving 2 2 4 those doses only.
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The rats were given 0.0, 0.25, 0.5, 1 or 2 g/kg ethanol intraperitoneally in 0.9% 2 2 6 saline (with the ethanol concentration at 10% or 20% depending on the volume 2 2 7 needed to achieve the dose) twenty minutes after the first trial that served as the 2 2 8
baseline. Five more trials followed at post-injection times of 10, 40, 70, 100, and 130 2 2 9
minutes. For each trial, the animals were tested with their individual stimulation 2 3 0 intensity range in ascending order then in descending order. This was repeated twice 2 3 1 more in the same fashion to produce six sets of replicated measurements per trial.
3 2
After all trials were completed, the rats were returned to their cages and were given 2 3 3
at least a 48 hour wash-out period before the next testing session.
3 4
A least-squares linear fit was applied to assess the relationship between 2 3 5 stimulation intensity and theta frequency. Slope and intercept from the fit were 2 3 6 extracted for further analysis. RPO-elicited theta frequency was then taken as the intensities.
3 9
Statistical analyses Firstly, we assessed the spectral profile of hippocampal and cortical recording sites.
2 4 6 Figure 1A illustrates the distribution of recording sites and the number of rats (n =16) 2 4 7 contributing to each recording site. Figure 1B shows the spectral profile (2 -20 Hz) 2 4 8 when the rats' movement speed was > 2.5 cm/s (red) or < 2.5 cm/s (black). Theta 2 4 9
power and dominant frequency both appear to be higher for periods when the 2 5 0 movement speed is > 2.5 cm/s. In the HPC, there is a clear difference in the power 2 5 1 (locomotion, F(1,94) = 9.42, p = .003) and dominant theta frequency (locomotion, frequency shifts (n.s.) during periods of locomotion. However, despite lack of 2 5 6 statistical difference in theta power between locomotion states, there was an 2 5 7 increase of theta coherence with the hippocampus (PFCxCA1; Figure 1B ;
2 5 8 locomotion, F(1,64) = 8.03, p = .006). More caudally, there is little evidence to 2 5 9 suggest a difference in theta power (n.s.) or frequency (n.s.) in the Cg (Cg; Figure   2 6 0 1B), nor is there a significant change in theta coherence between the Cg and CA1 2 6 1 (CgxCA1; Figure 1B ). The RS showed clear theta oscillations during locomotion (RS; increase was also accompanied by an increase in theta coherence with the HPC 2 6 6 (RSxCA1; Figure 1B ; locomotion, F(1,101) = 6.92, p = .01).
6 7
After establishing theta oscillations can be observed in our re-derived bipolar 2 6 8 cortical recordings, we sought to investigate the relationship between movement 2 6 9
speed and theta oscillations in the HPC and cortical recording sites. We observed a 2 7 0 correlation between spectral profiles of HPC LFPs between 0-15 Hz as a function of 2 7 1 movement speed ( Figure 1C ), but a linear relationship is only evident at speeds over 2 7 2 2 cm/s (grey line). Particularly, we found that HPC instantaneous theta frequency in frequency, but not the Cg (r(6375) = .003, p = .40). There was virtually no theta 12) = 6.74, p < .05; Figure 2B ). Previous studies have shown blood ethanol concentration to peak within the first 2 8 8 20 minutes (Givens, 1995 , Rossetti et al., 2002 , hence we used our 10 min post-2 8 9
injection time point to assess the effects of EtOH on theta power, frequency and 2 9 0 coherence across the recorded cortical regions. EtOH appears induce an inverted-U 2 9 1 change in theta power in all cortical areas ( Figure 3A) . However, only changes in the 2 9 2 RS (black line) reached statistical significance (dose [quad], F(1,4) = 6.28, p = .03).
9 3
In contrast, EtOH had a mostly linear effect of dose on theta frequency ( Figure 3B ), analysis. Best polynomial fits, as determined by the lowest order that markedly part of the RS for both 0.25 and 0.5 g/kg (best fit by 4 th order polynomials). In clear in Figure 3E , where most data points fall below the baseline. Again, the AP 3 1 7
mapping mirrors findings reported in Figure 3B , where a U-shaped relationship 3 1 8
between dose and theta frequency can be seen at the most anterior sites 3 1 9
(corresponding to the PFC), followed by consistent decreases across the Cg and best fit for 0.25 g/kg is of the 6 th order polynomial and 0.5 g/kg the 3 rd order, clear suggest inconsistent effects of low dose EtOH on the regions, rather than a lack of 3 2 8 effect. Again, both doses are best fit by largely overlapping cubic functions, 3 2 9
suggesting both doses induced similar effects across the AP axis in the midline 3 3 0 neocortices.
3 3 1
Effects of low dose ethanol on RPO-versus locomotion-elicited theta oscillations
In rats implanted with HPC and cortical recording probes, we investigated the ( Figure 4A, left) , which did not appear to be affected by 0.25 g/kg EtOH ( Figure 4A , In a separate set of experiments ( Figure 5A ), we first replicated previous findings 1995) . Recovery towards baseline is only evident for doses lower than 2 g/kg 3 5 1
( Figure 5B ). The dose-dependent recovery after 130 min was found to be statistically intercept was not ( Figure 5D ).
5 5
Our data indicate that ethanol effects on HPC theta frequency are via slope speed of locomotion (Figure 4) . To further investigate this apparent double- are correlated with the y-intercept ( Figure 6C ; r(22) = .96, p < .001) but not the slope 3 6 5
( Figure 6D ; r(22) = -.01, p = .95). Our main goal was to examine how low dose ethanol: 1) impacts on HPC and 3 6 8 cortical theta oscillations and; 2) modifies HPC theta frequency produced by RPO 3 6 9 stimulation intensity versus by speed of locomotion. We found modest but consistent EtOH impacts on HPC theta frequency in the two different elicitation paradigms.
7 8
We were able to replicate and extend several fundamental findings reported 3 7 9
previously. These address the reliability of source localisation, locomotion-frequency The current study differs from our previous report that used a partially (bipolar re-reference versus monopolar) and cortical parcellation. Nonetheless, we our current results suggest that our previous results on theta coherence in un- interactions and were not dominated by common noise. With HPC, we were also able to replicate a robust locomotion speed versus 3 9 4 theta frequency relationship (McFarland et al., 1975) . However, with midline cortex, 3 9 5
we found little evidence for a strong relationship. Both PFC and RS theta frequencies 3 9 6
were significantly related to locomotion speed, but with extremely shallow slopes and 3 9 7 substantial scatter. Currently, the EC is the only area outside the HPC to display a ( Borst et al., 1987 , Talk et al., 2004 . While PFC theta is thought to be data involving two rats (Coop et al., 1990) . Our current data partially support these 4 1 7
findings: clear effects of EtOH on RPO-elicited HPC theta did not appear until 1 g/kg, 4 1 8
and were most apparent at 2 g/kg. At these doses, reliable anxiolytic effects can be 4 1 9
observed (Gray, 1977 , Dalterio et al., 1989 . At lower doses, the effects were small also closely resembles that for the ratio of lever presses for food rewards made Behaviourally, we reported a dose-dependent decrease of movement speed and EtOH/saline administration. However, we did not detect any statistically significant Givens, 1995 , Rossetti et al., 2002 . Likewise, the statistically significant effects 0.25 and 0.5 g/kg EtOH (Givens, 1995 , Rossetti et al., 2002 . Our demonstration of a previous report with similar low doses to the current study found modest effects with 4 4 7 0.25 and 0.5 g/kg EtOH increasing HPC theta power (Givens, 1995) in an inverted-U 4 4 8
function similar to the current study. However, they also described an increasing 4 4 9
trend for HPC theta frequency, which is in the opposite direction to our findings. The Givens employed a spatial working memory paradigm that required locomotion in the current study. At higher (>1 g/kg) doses, a general 'slowing' of oscillations in the form of Hz) frequency power is often described for the neocortex. For example, in mouse Izquierdo, 1977). Our data extend the effects of EtOH described in past studies in Izquierdo , 1977 , , Young et al., 1982 . We also report large individual variability in cholinergic-dependent theta frequency has been theorised to serve as the y-intercept 5 0 1 of the speed vs frequency function (Burgess, 2008 , Korotkova et al., 2018 .
0 2
However, scopolamine (0.5 mg/kg) marginally increases the y-intercept but Sedgwick , 1978) . Therefore, it is unlikely that the y-intercept of the locomotion speed and referenced against bregma. Note two arrays were in the RS for CY54. 
